We present ultraviolet, optical, and infrared photometry of the afterglow of the X-ray flash GRB 050416A taken between approximately 100 seconds and 36 days after the burst. We find an intrinsic spectral slope between 1930Å and 22 200Å of β = −1.14 ± 0.20 and a decay rate of α = −0.86 ± 0.15. There is no evidence for a change in the decay rate between approximately 0.7 and 4.7 days after the burst. Our data implies that there is no spectral break between the optical and X-ray bands between 0.7 and 4.7 days after the burst, and is consistent with the cooling break being redward of the K s band (22 200Å) at 0.7 days. The combined ultraviolet/optical/infrared spectral energy distribution shows no evidence for a significant amount of extinction in the host galaxy along the line of sight to GRB 050416A. Our data suggest that the extragalactic extinction along the line of sight to the burst is only approximately A V = 0.2 mag, which is significantly less than the extinction expected from the hydrogen column density inferred from X-ray observations of GRB 050416A assuming a dust-to-gas ratio similar to what is found for the Milky Way. The observed extinction, however, is consistent with the dust-to-gas ratio seen in the Small Magellanic Cloud. We postulate that GRB 050416A may have a two-component jet similar to what has been proposed for GRB 030329. If this is the case the lack of an observed jet break between 0.7 and 42 days is an illusion due to emission from the wide jet dominating the afterglow after approximately 1.5 days.
Introduction
The Swift satellite (Gehrels et al. 2004 ) is a multi-instrument observatory designed to detect and rapidly localize gamma-ray bursts (GRBs). The observatory contains three instruments. The Burst Alert Telescope (BAT; Barthelmy et al. 2005 ) is used to identify GRBs and localize them to 3 ′ in the energy range 15-150 keV. Once a burst has been detected Swift slews to point its two narrow-field instruments, the X-Ray Telescope (XRT; Burrows et al. 2005) , and the UltraViolet/Optical Telescope (UVOT; Roming et al. 2005) at the burst. The XRT obtains X-ray localizations to 5 ′′ in the energy range 0.2-10 keV. The UVOT simultaneously obtains localizations to ≈ 0.
′′ 5 then cycles through a set of optical and ultraviolet filters.
The X-ray flash (XRF) GRB 050416A was detected in the constellation Coma Berenices by the BAT at 11:04:44.5 UTC ). The gamma-ray light curve showed a slowly rising peak followed by several smaller peaks. The burst had a T 90 duration of only 2.4±0.2 s in the 15-150 keV band. Sakamoto et al. (2006) find a peak energy of E p = 15.6 +2.3 −2.7 keV, making GRB 050416A a soft burst, and they classify GRB 050416A as an XRF. The fluence was (3.5 ± 0.3) × 10 −7 erg cm −2 in the 15-150 keV band (Sakamoto et al. 2006) . The fluence in the soft 15-25 keV band ((1.7 ± 0.2) × 10 −7 erg cm −2 ) was larger than that in the harder 50-100 keV band (3.4 +1.0 −0.6 × 10 −8 erg cm −2 ). This, and the low peak energy, makes GRB 050416A an XRF. A detailed analysis of the gamma-ray properties of GRB 050416A is presented in Sakamoto et al. (2006) .
An X-ray afterglow was identified by Kennea et al. (2005) and is discussed in detail in Mangano et al. (2006) . The X-ray light curve follows the canonical X-ray light curve described by Nousek et al. (2006) with an early-time decay of α X = −2.4 ± 0.5 out to 172 s, where the flux density, f ν , is related to the time since the BAT trigger by f ν (t) ∝ t α . The canonical light curve has an initially steep decay due to curvature effects SN2 1SZ, UK 15 INAF-Osservatorio Astronomico di Brera, via Emilio Bianchi 46, I-23807 Merate (Lc), Italy 16 South African Astronomical Observatory, PO Box 9, Observatory 7935 South Africa in the relativistic fireball. This is followed by a slow decay due to energy injection. The light curve makes a second transition to a decay slope of approximately −1 when energy injection ends. The slow decay section for GRB 050416A has a slope of α X = −0.44 ± 0.13 and lasts from 172 to 1450 s. The late-time decay has a slope of α X = −0.88±0.02, which continues until at least 42 days after the BAT trigger. The X-ray spectrum after 1450 s has a slope of β X = −1.04 +0.05 −0.11 , where the relationship between flux density and frequency is f ν ∝ ν β , and shows evidence for a hydrogen column density of N H = 6.8
21 cm −2 . If we assume the Predehl & Schmitt (1995) relationship between hydrogen column density and extinction in the Milky Way, N H = (1.79×10 21 )A V , then this column density implies A V = 3.8
+0.6
−0.7 in the host galaxy along the line of sight to GRB 050416A.
The optical afterglow was first identified by Cenko & Fox (2005) using the Palomar 200-inch Hale Telescope and confirmed by Anderson et al. (2005) using the ANU 2.3-m telescope. Fox (2005) noted that the afterglow is visible in the UVOT's UVW2 filter and stated that this indicates a redshift of z 1. A spectrum of the host galaxy was obtained 51 days after the burst by . They measured a redshift for the host of z = 0.6535 ± 0.0002 from [OII] , Hβ, Hγ, and Hδ emission lines. The host's blue colour suggests ongoing star formation, as is seen in many GRB host galaxies. UVOT magnitudes, based on preliminary photometric calibrations, were published by Schady et al. (2005a,b) . This paper supersedes those results. Soderberg et al. (2005) found a 4.86 GHz radio afterglow with a flux density of 260±55 µJy approximately 5.6 days after the BAT trigger.
Excluding the short-hard bursts (Kouveliotou et al. 1993 ) GRB 050416A, with a redshift of 0.6535, is one of the nearest of the Swift-detected GRBs with spectral redshift determinations. Its T 90 duration and E p are similar to those of the XRF GRB 050406 Schady et al. 2006) and are fairly typical of XRFs in general. Sakamoto et al. (2006) have shown that GRB 050416A is consistent with the relationship between the isotropic energy equivalent, E iso , and the peak energy in the rest frame, E ′ p 1 , found by 1 Throughout this paper we use primes to indicate quantities in the rest frame. Amati et al. (2002) for classical long-soft GRBs. This suggests that XRFs and GRBs are intimately related. GRB 050416A does not, however, follow the the empirical relation between E ′ p , E iso , and the jet break time in the rest frame, t ′ j of Liang & Zhang (2005) , which suggests that either this XRF has an unusually late jet break or that something is preventing us from seeing the jet break, such as a long-lasting emission component. Something similar was seen in GRB 021004, where identifying the jet break was complicated by several emission components (Holland et al. 2003) .
In this paper we present space-and groundbased ultraviolet, optical, and infrared observations of GRB 050416A. We have adopted a cosmology with a Hubble parameter of H 0 = 70 km s −1 Mpc −1 , a matter density of Ω m = 0.3, and a cosmological constant of Ω Λ = 0.7. For this cosmology a redshift of z = 0.6535 corresponds to a luminosity distance of 3917 Mpc and a distance modulus of 42.96. One arcsecond corresponds to 11.48 comoving kpc, or 6.95 proper kpc. The look back time is 6.05 Gyr.
Observations
The optical afterglow for GRB 050416A is located at R.A. = 12:33:54.6, Dec. = +21:03:27 (J2000) (Cenko & Fox 2005) , which corresponds to Galactic coordinates of (b II , l II ) = (+82.
• 7316, 268.
• 7316). The reddening maps of Schlegel et al. (1998) give a Galactic reddening of E B−V = 0.03 ± 0.02 mag in this direction. The corresponding Galactic extinctions are A U = 0.16, A B = 0.13, A V = 0.10, A RC = 0.08, A IC = 0.06, and A Ks = 0.01. The Galactic extinctions in the UVOT ultraviolet filters were calculated using the Milky Way extinction law from Pei (1992) . The ultraviolet extinctions are A UVW1 = 0.23, A UVM2 = 0.29, and A UVW2 = 0.21.
The field of GRB 050416A is shown in Figure 1 .
UVOT Data
The UVOT took 342 exposures of the field containing GRB 050416A between 2005 Apr 16 and 2005 May 13 UTC. For the vast majority of these exposures the afterglow was too faint to be detected. The UVOT photometry that was used in this paper is shown in Figures 2, 3 , and 4 and presented in Table 1 . Magnitudes have not been corrected for extinction, and only those cases where coadding data resulted in a detection are listed in this Table. All upper limits reported in Table 1 are 3σ and were obtained using a 2 ′′ radius aperture with aperture corrections applied as discussed above.
The Swift spacecraft slewed promptly when the BAT detected GRB 050416A, and UVOT began imaging the field 65 s after the BAT trig- ′′ 01 and an absolute astrometric accuracy of 0. ′′ 56 (90% containment). This position is 0.
′′ 3 from the reported XRT position (Mangano et al. 2006) . It is inside the XRT error circle and consistent with the ground-based detection reported by (Cenko & Fox 2005) . Subsequent exposures showed the source to be rapidly fading.
We performed photometry on each UVOT exposure using a circular aperture with a radius of 2 ′′ centred on the position of the optical afterglow. This radius is approximately equal to the fullwidth at half-maximum (FWHM) of the UVOT point-spread function (PSF). The PSF varies with filter and with the temperature of the telescope, so we did not match the extraction aperture to the PSF for each exposure. The PSF FWHM, averaged over the temperature variations, ranges from 1.
′′ 79 ± 0. ′′ 05 for the V filter to 2. ′′ 17 ± 0. ′′ 03 for the UVW2 filter. The background was measured in a sky annulus of inner radius 17.
′′ 5 and width 5 ′′ centred on the afterglow. The source was not detected in the individual ultraviolet filter exposures, so these exposures were coadded. The source was detected in the coadded UVW2 and UVM2 exposures, but not in the coadded UVW1 exposure. Aperture corrections were computed for each exposure to convert the 2 ′′ photometry to the stan- . The small circle is the 3. ′′ 3 radius XRT error circle (Mangano et al. 2006) . North is up and east is to the left. dard aperture radii used to define UVOT's photometric zero points (6 ′′ for UBV and 12 ′′ for the ultraviolet filters). Six isolated stars were used to compute the aperture correction for each exposure. The RMS scatter in the mean aperture correction for a single exposure was typically ≈ 0.02 mag. The RMS scatter for each exposure was added in quadrature to the statistical error in the 2 ′′ magnitude to obtain the total 1σ error in each point. All detections above the 2σ significance level are tabulated in Table 1 .
The UVOT is a photon-counting device with a frame read-out time of 11.0329 ms. It is only able to record one photon per detector cell during each read out. This results in coincidence losses at high count rates. For very high count rates, corresponding to V 13.5, these losses are significant and can dramatically affect the photometry, so coincidence loss corrections must be made. We have corrected all of our data for coincidence loss, however the afterglow has V > 19, so coincidence losses are negligible, typically less than 0.01 mag, for the afterglow. Coincidence loss corrections, however, are significant for the stars used to compute the aperture corrections.
The zero points, and their 1σ errors, used to transform the instrumental UVOT magnitudes to Vega magnitudes are listed in Table 2 . They are taken from in-orbit measurements as obtained from the HEASARC Swift/UVOT Calibration Database (CalDB) 2 dated 2005-11-18 in the file swuphot20041120v102.fits. Colour terms were not applied to the photometric calibrations, but preliminary calibrations of on-orbit data suggest that they are negligible.
Ground-Based Data

DFOSC
The GRB 050416A optical afterglow was observed with the 1.54m Danish telescope equipped with DFOSC. DFOSC is focal reducer camera based on a backside illuminated EEV/MAT CCD, providing a pixel scale of 0.
′′ 39 per pixel and a field of view of 13.
′ 6 × 13. ′ 6. The DFOSC observations were carried out on five consecutive nights starting on 2005 Apr 17.1 UTC (see Table 1 for further details). Data reduction was performed fol-lowing standard procedures (bias level subtraction and sky flat fielding) running under IRAF 3 .
Photometry was performed on the combined DFOSC images using the SExtractor software (Bertin & Arnouts 1996) with its default parameters. Magnitudes and magnitude errors were determined using the MAG AUTO option. The DFOSC data were calibrated using the BVR C I C field photometry of Henden (2005) . All of the stars that were in common between the Henden (2005) photometry and our SExtractor photometry were matched and used to compute photometric zero points for each DFOSC image. The DFOSC zero points are listed in Table 2 . Colour terms were not used as they did not improve the quality of the calibration.
NOTCam
Near-infrared observations of GRB 050416A were taken on 2005 Apr 17 and 2005 May 22 with NOTCam mounted on the Nordic Optical Telescope. NOTCam is a multi-mode instrument that is based on a 1024 × 1024 HgCdTe "HAWAII" detector providing a scale of 0.
′′ 233 per pixel and a field of view of 4 ′ ×4 ′ . Data reduction was done by following a standard procedure for near-infrared imaging (shift and expose, subtract a scaled median sky, divide by twilight flat, align and combine by adaptive sigma clipping). The individual images were aligned from the centroid of the star 12335122+2104142 in the 2MASS catalogue (Skrutskie et al. 2006) .
Photometry was performed on the NOT images using SExtractor with the default parameters in the same way as for the DFOSC images. The NOTCam photometry was calibrated using star 12335122+2104142. The 2MASS catalogue magnitude of this star is K s = 11.383 ± 0.018 (Skrutskie et al. 2006) . Our infrared photometry is listed in Table 1 .
Results
The Decay Rate
We use our photometry to constrain the rate of a power law decay of the afterglow in each fil- ter where there is multi-epoch photometry. The X-ray data (Mangano et al. 2006) shows a change in the X-ray light curve at 1450 seconds which Mangano et al. (2006) interpret as the end of energy injection. In order to directly compare the ultraviolet/optical/infrared decay rate to the Xray decay rate we only consider photometry with mid-point times more than 1450 s after the BAT trigger. This is the period that Mangano et al. (2006) call Phase C and corresponds to the time after the second X-ray break. We find α B = +1.18 ± 0.68, α V = −0.96 ± 0.53, α R = −0.57 ± 0.14, and α I = −1.04 ± 0.66. It is not clear if the increase in the B-band flux at 144 815 s (≈ 1.7 days) is real or a noise spike causing the source to appear brighter than it really is. The mean decay rate, excluding the B-band data, is α = −0.86 ± 0.15 (standard error). This is in good agreement with the X-ray decay rate of α X = −0.88 ± 0.02 at the same time. Further, the decay rates in each filter, excluding B, are all within 2σ of the X-ray value. This suggests that, for t > 1450 s, there is no spectral break between the X-ray and optical bands.
The early time UVOT V -band photometry is consistent with the afterglow having a constant V -band magnitude between 126 and 1868 seconds after the BAT trigger. The decay rate in this interval is α V = −0.11 ± 0.17. This is consistent with the X-ray slope during Phase B (−0.44 ± 0.13) (Mangano et al. 2006 ) at the 1.6σ level.
The Spectral Energy Distribution
We constructed the spectral energy distribution between 1930Å and 22 200Å at 60 415 s after the BAT trigger. The photometry data nearest this time for each filter were transformed to 60 415 s assuming a decay rate of α = −0.88. We adopted the X-ray decay rate instead of the optical decay rate that we determined in Section 3.1 because the X-ray decay is better constrained, and we believe that the X-ray and optical decays are the same (see Sect. 3.1). The UVW2 and UVM2 magnitudes were transformed to flux densities using the conversion factors in the Swift/UVOT CalDB. The optical and infrared magnitudes were converted to flux densities using the zero points of Fukugita et al. (1995) and Cox (2000) . Each data point was corrected for Galactic extinction using the reddening value of Schlegel et al. (1998) (see Section 2) but not for any extinction that may be present in the host galaxy or in intergalactic space along the line of sight to the burst. The SED is shown in Figure 5 .
The SED was fit by f ν (ν) ∝ ν β 10 −0.4A(ν) where f ν (ν) is the flux density at frequency ν, β is the intrinsic spectral index, and A(ν) is the extragalactic extinction in the host (z = 0.6535) at frequency ν. We found that the best fit occurred for the Small Magellanic Cloud (SMC) extinction law of Pei (1992) , although using a Milky Way or Large Magellanic Cloud extinction law does not significantly change the results. We prefer the SMC since it provides good fits to the extinction seen in the host galaxies of other GRBs (e.g., Holland et al. 2003 ). If we fix the intrinsic spectral slope to the X-ray value of β X = −1.04 (Mangano et al. 2006 ) the extinction in the host is A V = 0.24±0.06 mag. If we allow both β and A V to be free parameters the best fit occurs for β = −1.14 ± 0.20 and A V = 0.19±0.11. Therefore, we believe that there is approximately 0.2 mag of V -band extinction in the host along the line of sight to GRB 050416A.
The low value of the extinction in the host is at odds with the high neutral hydrogen column density found by fitting the X-ray spectrum (Mangano et al. 2006) . Predehl & Schmitt (1995) find N H = (1.79 × 10 21 )A V for the the conversion between hydrogen column density and extinction in the Milky Way. Using the value of N H derived from the Swift/XRT X-ray observations (Mangano et al. 2006) we find A V = 3.8 +0.6 −0.7 , which implies significant extinction in the host along the line of sight to GRB 050416A. The discrepancy between this and the small amount of extinction that we find from the ultraviolet/optical/infrared SED suggests that the relationship between hydrogen gas and dust is different in the host of GRB 050416A than it is in the Milky Way. Combining the X-ray hydrogen column density with our estimate of A V gives N H = (36 +21 −22 × 10 21 )A V in the host galaxy. This is consistent with the N H /A V relation found in the SMC of N H = (15.4× 10 21 )A V using Eq. 4 and Table 2 of Pei (1992) .
The high gas-to-dust ratio seen in the host of GRB 050416A is typical of other GRB host galaxies, such as GRB 000301C (Jensen et al. 2001) , GRB 000926 , and GRB 020124 , all of which have ratios consistent with that observed in the SMC, (see also Stratta et al. 2004 ). This suggests that our choice of using an SMC extinction law to determine the intrinsic spectral slope is reasonable. The high gas-to-dust ratio may be a consequence of dust destruction by the ultraviolet and X-ray flux from the GRB as described by (e.g. Waxman & Draine 2000; Perna et al. 2003) . Alternately, it may indicate that the star formation in the host is fairly recent and that there may not have been time for large amounts of dust to form.
Cooling Break
The VR C I C photometry yields a mean decay index of α = −0.86 ± 0.15 for times more than 1450 seconds after the burst. The ultraviolet/optical/infrared SED at 60 415 s has a slope of β = −1.14 ± 0.20, after correcting for extinction in the host galaxy. This is consistent with the intrinsic spectral slope derived from the X-ray data. The lack of evidence for a change in either the intrinsic spectral slope or the decay rate between the X-ray and optical bands suggests that there is no spectral break between these two regimes. Therefore the synchrotron cooling frequency must lie either above the X-ray band or below the K s band at 60 415 s (≈ 0.7 days) after the BAT trigger.
The spectral and temporal decay rates can be used to predict the index of the electron energy distribution, p. The decay rate will be a more robust number than the spectral index since the spectral slope may be affected by uncertainties in the absorption along the line of sight. After the jet break the magnitude of the decay index should equal the value of the electron index. However, electron indices of less than unity are unphysical. Therefore, we can rule out a jet break before 42 days after the BAT trigger because the X-ray decay rate remains constant at −0.88 between 1450 s and at least 42 days.
In order to determine the location of the cooling break, and to estimate the value of the electron index, we use closure relations between α and β. These are based on the relations of Dai & Cheng (2001) when 1 < p < 2. For p ≥ 2 the relations of Sari et al. (1999) were used for the case of a homogeneous circumburst environment, and the relations of Chevalier & Li (1999) were used for the case of a pre-existing stellar wind. Table 3 lists the closure relations and their observed values. None of the closure relations for p ≥ 2 give values consistent with zero. Therefore, we believe that 1 < p < 2. This is a low value for a GRB, but three of the ten bursts studied by Panaitescu & Kumar (2002) had p ≈ 1.4, so it can not be ruled out. For 1 < p < 2 the case of a homogeneous circumburst medium with ν X < ν c , and the cases of a pre-existing stellar wind with ν X < ν c or ν c < ν opt all give comparable closure values that are consistent with zero.
If 1 < p < 2 then the predicted intrinsic spectral slope is between 0 and −0.5 if the cooling break is above the X-ray band and between −0.5 and −1 if the cooling break is below the optical bands. Both the X-ray and ultraviolet/optical/infrared spectral slopes are consistent with β = −1, which corresponds to p = 3 for ν X < ν c , which is unusually high for a GRB. However, if ν c < ν opt then p = 2, which is fairly typical for GRBs. An electron index of p = 2 is consistent with cases 5 and 7 of the closure relations in Table 3 . In these two cases the predicted optical decay is α = −1 regardless of the density structure of the environment that the burst is expanding into. This decay slope is slightly steeper than the observed decay rate of −0.86 ± 0.15, but it is within the observed uncertainties. Therefore, we believe that p ≈ 2 and ν c < ν opt for GRB 050416A at 60 415 s after the BAT trigger. Sakamoto et al. (2006) find that the isotropic equivalent energy of GRB 050416A is 1.2 × 10 51 erg. This, and the observed limits on the jet break time, can be used to estimate the opening angle of the jet and thus the total gamma-ray energy of the burst (Rhoads 1999; Sari et al. 1999; Frail et al. 2001) . The jet opening angle for GRB 050416A is
Energy Considerations
where t j is the observed jet break time in days since the BAT trigger, η γ is the efficiency of converting energy in the ejecta into gamma rays, and n is the particle density in cm −3 . The X-ray light curve (Mangano et al. 2006) suggests that there is no jet break at times earlier than 42 days. Setting t j ≥ 42 yields θ j ≥ 25
• assuming η γ = 0.2 and n = 0.1 cm −3 . This result is not strongly sensitive to our choices of η γ and n. The corresponding energy in gamma rays, corrected for beaming, is E γ ≥ 1.1 × 10 50 erg. The upper limit on the gamma-ray energy can be obtained from the case where there is no beaming (and thus no jet break). In that case E γ = E iso , which implies that 1.1 × 10 50 erg ≤ E γ ≤ 1.2 × 10 51 erg. Therefore the total energy must be less than the canonical GRB energy of Bloom et al. (2003) if there is any beaming. Sakamoto et al. (2006) showed that GRB 050416A fits onto the Amati relation (Amati et al. 2002) between E iso and E ′ p . They also showed that this burst can not be made to satisfy the Ghirlanda relation (Ghirlanda et al. 2004 ) between E γ and E ′ p due to the lack of a jet break out to 35 days after the BAT trigger. Mangano et al. (2006) have shown that there is no jet break to at least 42 days, which makes the discrepancy with the Ghirlanda relation even larger.
The Liang & Zhang (2005) relation
(2) implies that the jet break should occur at ≈ 1.5 days after the BAT trigger in the observer's frame. If we assume that GRB 050416A has a two-component jet with a narrow component that breaks at 1.5 days the observed decay between 1.5 and 42 days will be the sum of the post-narrowjet break component for the narrow jet and the post-cooling break component for the wide jet. A two-component jet model has been proposed to explain the observed features in the decays of GRB 030329 Sheth et al. 2003) . We propose that the observed optical afterglow of GRB 050416A may be the sum of two jets that both conform with the Ghirlanda relation and the Liang & Zhang relation. In this picture the narrow jet would have an opening angle of θ j,n ≈ 7
• assuming t j,n = 1.5 days, and the wide jet would have θ j,w 25
• for a wide jet break time of t j,w > 42 days. The gamma-ray energies in each jet are E γ,n ≈ 5 × 10 48 erg and E γ,w 7 × 10 49 erg, which is roughly consistent with the division of energy in the two-component jet model for GRB 030329. Peng et al. (2005) find that for two component jets where the total energy in the wide jet is greater than that in the narrow jet the wide jet will dominate the optical afterglow after approximately 0.1-1 days. Since the deceleration time of the wide jet is similar to the break time of the narrow jet the emergence of the wide jet at this time can mask the steepening of the light curve caused by the jet break in the narrow component. We suggest that this is what has happened in GRB 050416A. We see no evidence for a change in the spectral slope or the decay rate between the optical and X-ray regimes at 60 415 s (≈ 0.7 days). This implies that both the narrow and wide components have cooling frequencies below the optical band at this time.
Constraints on a Supernova Component
UVOT observation in the V -band filter were taken up to 74 days after the BAT trigger. We searched the late time exposure for evidence of a rebrightening. There is no UVOT detection of the afterglow after 144 815 s, and we note that the detection at 144 815 s is at a very low significance. A type Ib/c supernova like SN1998bw (Patat & Piemonte 1998 ) is expected to peak at approximately 10(1 + z) ≈ 16 days after the burst. We find no evidence for a source at the location of the afterglow at this time down to a 3σ limiting magnitude of V lim = 22.5 in coadded exposures. For z = 0.6535 the observed V band approximately corresponds to the rest frame U band, so our upper limit corresponds to M U < −20.5. SN1998bw had a peak U -band absolute magnitude of M U = −19.16 (Galama et al. 1998 ) so the UVOT data is not able to constrain the existence of a supernova component to the afterglow of GRB 050416A.
Conclusions
GRB 050416A is a near-by (z = 0.6535), short (T 90 = 2.4 s) XRF that shows no evidence for a jet break out to at least 42 days after the burst. The spectral slope and decay rate are the same in the optical as in Phase C of the X-ray decay (Mangano et al. 2006 ). This suggests that there is no cooling break between approximately 1.24 A (10 keV) and 22 000Å (0.006 keV) at 60 415 s after the burst. Further, the constancy of the decay suggests that the cooling break did not pass through the optical between 1450 s (0.016 days) and 406 438 s (4.7 days), nor did it pass through the X-ray regime between 1450 s (0.016 days) and ≈ 3.6×10 6 s (42 days). We find the best agreement with the synchrotron model occurs if the cooling break is below the optical at 60 415 s (0.7 days) after the burst.
The optical light decay slope is α = −0.86±0.15 and the intrinsic ultraviolet/optical/infrared spectral slope is β = −1.14 ± 0.20. The best estimate of the electron index is p ≈ 2. We are unable to distinguish between a burst occurring in a homogeneous environment or a wind-stratified one. The lack of a jet break out to 42 days implies that the jet opening angle is > 25
• and the gamma-ray energy is 1.1 × 10 50 erg ≤ E γ ≤ 1.2 × 10 51 erg. If GRB 050416A has the canonical energy of Bloom et al. (2003) then the burst is not beamed.
An alternate interpretation of the data is that GRB 050416A has a two component jet. The narrow component has an opening angle of θ j,n ≈ 7
• and experienced a jet break at 1.5 days, in agreement with the prediction of the Liang & Zhang (2005) relation between E iso , E ′ p , and t ′ j . The wide component does not break until at least 42 days after the burst and must have an opening angle of 30
• . The wide component jet contains approximately 14 times more energy than the narrow component jet does. This behaviour is similar to what was seen in GRB 030329 Sheth et al. 2003) .
We find no evidence for a large amount of extinction along the line of sight to GRB 050416A. The best fit ultraviolet/optical/infrared spectrum suggests that A V ≈ 0.2 mag in the host galaxy. This is inconsistent with the large hydrogen column density implied by the X-ray spectrum. If we assume that the gas-to-dust ratio in the host is the same as that in the Milky Way the implied extinction is A V = 3.8 +0.6 −0.7 mag. Using the extinction derived from the optical data and the hydrogen column density derived from the X-ray data the gas-to-dust ratio in the host is N H /A V = 3.6 +2.1 −2.2 × 10 22 . This is dramatically larger than it is in the Milky Way, but consistent with what is seen in the SMC, and in the host galaxies of other GRBs.
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